Abstract---Changes in the maternal hemodynamics often lead to conditions of fetal hypoxia, fetal hypertension and irregularity in the flow of blood in the umbilical arteries. Any differences in the blood flow is said to be equalized by Hyrtl's anastomosis, a common connection between the umbilical arteries near the cord insertion. Transverse histological sections followed by routine H&E stain and using Image J software, for the measurement of the muscle thickness and luminal diameter. For continuous variables mean values ±SD was considered and for non continuous variables was expressed as percentages. On statistical analysis, P values were significant for the muscle thickness between the different groups (P≤0.001). There was a significant difference in the tunica media of the umbilical arteries and the Hyrtl's anastomosis in both normotensive groups and pregnancy induced hypertension. In conclusion, the Hyrtl's anastomosis showed a considerable difference in the muscular layers as compared to the umbilical arteries.
I. INTRODUCTION
The developing fetus is connected by a narrow tubular structure, the umbilical cord to the placenta. The umbilical cord contains the umbilical vessels surrounded by a gelatinous substance, the Wharton"s jelly. Two umbilical arteries and a single umbilical vein lie inside the umbilical cord connecting the foetus"s cardiovascular system with the placenta. These umbilical arteries are anastomosed with each other near the cord insertion of the placenta. This anastomosis is called the Hyrtl"s anastomosis. This anastomosis is believed in equalizing the blood pressure in the umbilical arteries, supplying to the different territories of the placenta. Various studies have registered Pregnancy Induced Hypertension as a complication of pregnancy.6-20% of all the pregnancies are affected by hypertensive disorders. 70% constitutes of preeclampsia and ecclampsia and 30% chronic hypertensive disorder in pregnancy [1] . Mitra associates a rise in the placental-uterine vascular resistance to pregnancy induced hypertension and also stating pregnancy induced hypertension as one of the important cause for low birth weight, perinatal mortality, premature birth, intrauterine growth limitations [2] . The morphological structure of the placenta and the cord vessels differences between normotensive and preeclamptic groups have been demonstrated in various studies by many authors [3] [4] [5] [6] . Authors like Junek T et al. and Di Naro observed in normal pregnancies, the reduction in the thickness of the umbilical cords were mainly due to the reduction in Wharton"s jelly [7, 8] . Due to the changes in the arterial walls of the Preeclamptic gestation which maybe partly responsible for decreased flow of blood in the arteries, [9] ischemia and poor placentation [6] and depending on the rate of reduction in the uteroplacental perfusion , fetal hypoxia and intrauterine growth retardation can become unavoidable [10] . Several authors conducted the morphology of the umbilical cord and displayed the outcomes of pregnancies and its relationship with the thickness of the umbilical cord mostly after delivery. Differences in the tunica media and intima, and the arteries being thicker than in normal pregnancies in pre-eclamptic groups have been demonstrated by Junek [7] . Author Ullberg et al. studied the histological section of the anastomosis and in comparisons with the umbilical arteries showed a thin layer of circular smooth muscle layer without any elastic tissues [11] . There is scarcity in the literature relating to morphometry of Hyrtl"s anastomosis in Pregnancy Induced Hypertension and normotensive cases. The current study aimed to analyze and corelate hyrtl"s anastomosis with the morphometric parameters of the umbilical arteries in pregnancy induced hypertension and normal pregnancy using Image J software application. In the research studies the measurement of the thickness of layers is an important element and one"s assessment in the thickness of the umbilical arteries and Hyrtl"s anastomosis can reveal the differences in the tunica media contributing to the changes in the blood flow and thereby decrease in uteroplacental perfusion, leading to fetal hypoxia and intra uterine growth retardations.
II.METHODS AND MATERIALS
The study, obtained its approval from the Institution Ethics Committee (IEC No: SMIMS/IEC/2012-2) and the written consent of the patients. Patients with diabetes mellitus, chronic hypertension, platelet disorders were excluded. The study sampled 100 umbilical arteries from pregnancy induced hypertension and 100 umbilical arteries from normal pregnancy.30 cases of Hyrtl"s anastomosis of Pregnancy induced Hypertension and 30 cases of Hyrtl"s anastomosis of normal pregnancy. The value of blood pressure taken into account for normotensive women; systolic were ranging between 100-135mmHg and diastolic 60-85mmHg and of Pregnancy Induced hypertension were systolic >140mmHg and diastolic 90mm Hg. After delivery, the umbilical cords with the placentas were collected, keeping the whole length of the umbilical cord. The umbilical cords were then fixed in 10% formalin solution. Fixed umbilical cord were then dissected longitudinally, wharton"s jelly removed and the umbilical arteries were traced all along the length of the cord insertion. The tissue were cleared and the anastomosis was then observed. Umbilical arteries of about 2cm were cut from the placental end and only one artery from each placenta were taken. Samples of Hyrtl"s anastomosis which were too small in length were difficult and almost impossible to take. Tissues were dehydrated, cleared in xylene and embedded in paraffin and several blocks were prepared. Separated blocks for normal umbilical artery, for pregnancy induced hypertension for Hyrtl"s anastomosis (normal and PIH) were made. Thin transverse sections of 5µm thickness were made by rotator microtome, deparaffinised and hydrated. Sections of the arteries and hyrtl"s anastomosis (normal and PIH) were stained with haematoxylin and eosin. Sections were identified under the microscope (T1SM Phase Contrast Microscope) the microscope which was connected to the computer. The view from the microscope was captured by the camera with an eye piece of 10x and objective of 10x and projected to the computer screen. Measurements were taken using Image J software.
The parameters measured for each umbilical arteries and Hyrtl"s anastomosis (normotensive and pregnancy induced hypertension) included wall thickness, luminal diameter. Wall thickness measurement expresses the smooth muscular layer only. The arteries in which the contours were well defined, visible and intact smooth muscle layers were only considered. Other alterations in the tunics were also observed.
III.STATISTICAL ANALYSIS
For continuous variables mean value ±SD was considered and for non continuous variables was expressed as percentages. One way analysis of variance (ANOVA) was considered in the analysis for continuous variable among two or more groups. P≤0.05 was considered to be significant. SPSS 16.0 was used for data analysis. Table 2 , although muscle layers were found in hyrtl"s anastomosis from umbilical cords of normotensive mother, the distribution of the muscle thickness varied between the umbilical arteries and hyrtl"s anastomosis in the normotensive umbilical cords. (Fig.1 a, b) In the normal umbilical artery the muscular layers were about 20 to 25 and in few above 40 to 50 layers , in contrast the muscular layer in the hyrtl"s anastomosis only 5 to 10 layers were found, a 1.3 fold difference. (Fig.1b) (Table: 2) . Similarly, findings were observed in the luminal diameter in both groups and no significant difference was noted. (Table. 2) 3. While comparing muscle thickness and luminal diameter in the umbilical arteries and Hyrtl"s anastomosis of pregnancyinduced hypertensive mothers, we observed significant differences not only, in the muscular layer but also in the luminal diameter. (Fig. 2 c, d ) ( Table: 3) authors. The reduction in the vascular layer is mostly accompanied by significant structural disorder which have an impact upon the tunica intima, media and fibrillary structures. In case of pregnancy induced hypertension significant modification in the morphology was noted. Often a reduction in the Wharton"s jelly considered as a factor for the reduction in the diameter of the vessels mainly in the diameter of the umbilical cord [7, 12] .
IV. RESULTS
Several others were of the different opinion and reported diminished smooth muscle layer was due to the narrowing of the conjunctive tissue separating the muscular area [13, 14] . Several authors reported changes in tunica media and intima of the umbilical arteries in preeclamptic groups. [7, [13] [14] [15] [16] Similar to our study, Barnwal et al in their study reported a significant increase in the wall thickness of umbilical arteries (p≤0.05) and in pre-eclamptic the thickness of the arteries increasing by 20% as compared to the control groups [17] . Our study agreed to that of Barnwal were we observed an increase in the thickness of the muscular layer of the umbilical arteries of pregnancy -induced hypertension and also in the anastomosis of the pregnancy-induced hypertension when compared to the control. Studies have been reported in the blood vessels having low calibre have differences in the blood flow and greater resistance in their vessel walls [18] . The increase in wall thickness in the umbilical arteries and decrease in luminal radius as explained by Barnwal might probably be due to the intrinsic contractile response of the smooth muscle to stretch and further increase in pressure of the blood vessel stimulates the increase in the smooth muscle fibers [17] . In our study might probably explain the thickness in umbilical arteries and the Hyrtl"s anastomosis in pregnancy induced hypertension.
Several descriptions in the arrangement of the muscle fibers in the umbilical arteries as spiral or snail like are there but none for the Hyrtl"s anastomosis [19, 20] . Others described the arrangement as nearly circular, smooth muscle layers arranged in 50-60 layers [2, 22, 23] . We observed a circular arrangement of the smooth cells in the umbilical arteries and except few areas where the layers were disrupted. Results from our study was similar to Ulla Ullberg who studied a transverse histological section of hyrtl"s anastomosis comparing to the connected arteries revealed a thin layer of circularly arranged smooth muscle cells without any elastic tissue [11] . Our study reports the absence of adventitia, vasa vasorum, Internal elastic lamina in the umbilical arteries as well as in hyrtl"s anastomosis. These finding were in agreement with previous workers [22, 23] . To conclude, umbilical arteries and Hyrtl"s anastomosis in pregnancy-induced hypertension shows significant structural changes, including increase in wall thickness. Consequently, the analysis of these vessels maybe useful in detecting hemodynamic status of the foetus.
